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FIGURE 1.  TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB
Variance-weighted fitting with independent b terms
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FIGURE 2.  PARAMETER ESTIMATES AND 95% CI
INDEPENDENT b TERMS
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FIGURE 3.  TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB
Variance-weighted fitting with common b terms for indoor and outdoor jobs



0.0



0.5



1.0



1.5



2.0



2.5



3.0



3.5



4.0



4.5



5.0



06/11/68 12/02/73 05/25/79 11/14/84 05/07/90 10/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Blender 



0.0



0.2



0.4



0.6



0.8



1.0



1.2



1.4



1.6



6/11/68 3/8/71 12/2/738/28/765/25/792/18/8211/14/848/11/87 5/7/90 1/31/9310/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Track 
 



0



10



20



30



40



50



60



70



6/11/68 12/2/73 5/25/79 11/14/84 5/7/90 10/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Track Unload 
 



0



2



4



6



8



10



12



06/11/68 12/02/73 05/25/79 11/14/84 05/07/90 10/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Cleanup 



0.0



0.5



1.0



1.5



2.0



2.5



06/11/68 12/02/73 05/25/79 11/14/84 05/07/90 10/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Dryer 



0



10



20



30



40



50



60



70



06/11/68 12/02/73 05/25/79 11/14/84 05/07/90 10/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Expander 



0



10



20



30



40



50



60



06/11/68 12/02/73 05/25/79 11/14/84 05/07/90 10/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Feeder 



0



2



4



6



8



10



12



06/11/68 12/02/73 05/25/79 11/14/84 05/07/90 10/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Mill 



0.0



0.2



0.4



0.6



0.8



1.0



1.2



1.4



1.6



1.8



2.0



06/11/68 12/02/73 05/25/79 11/14/84 05/07/90 10/28/95



Co
nc



en
tr



at
io



n 
(f/



cc
) 



Resin 








			Common b graphs







Figure 4.pdf




Blender Cleanup Dryer Expander Feeder Mill Resin Track Unload
6.701 22.162 4.576 30.012 139.073 27.451 5.124 0.578 50.749
0.430 0.430 0.430 0.430 0.430 0.430 0.430 0.158 0.158



FIGURE 4.  PARAMETER ESTIMATES AND 95% CI
COMMON b TERMS FOR 7 INDOOR JOBS AND 2 OUTDOOR JOBS
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FIGURE 5.  TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB
Compare independent and common b approaches (same scale for all graphs)
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FIGURE 6.  COMPARE TWA EXPOSURE CONCENTTRATION FOR TRIONIZING
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Fitting Options v2.docx

Objective





Model the IH data for the trionizing department to predict arithmetic mean exposure level as a function of time.  This is needed to generate the JEM.





Conceptual model:





· Average exposure levels are not equal between different jobs in the trionizing department.


· Average concentrations for each job tend to decrease over time.





Thus, the average exposure level for workers in the trionizing department for any given time period is the time-weighted average of the job-specific average values for that time period.





List of Trionizing Jobs


			Job


			Time weighting factor





			Blender


			0.111





			Cleanup


			0.111





			Dryer


			0.222





			Expander


			0.111





			Feeder


			0.111





			Mill


			0.111





			Resin


			0.111





			Track Other


			0.083





			Track Unload


			0.028











Assumed Model





C(t) = a*exp(-b*t)


where:


a and b are fitting parameters


t = (date of sampling – 1/1/1970) / 365.25.   This expresses t as the number of years from 1/1/1970 to the date of sampling





Fitting


Fitting is performed in SAS using minimization of variance-weighted square errors.  Variance is modeled as a function of the mean:





	Variance(t) = C(t)2Ɵ












Fitting Options:





			Option


			Strategy





			1


			Fit each job separately (individual a values, individual b values), then time-weight average across jobs





			2


			Fit each job separately (individual a values) but with common b value for jobs with similar rates of decline (similar b terms).  Then, time-weight average across jobs.





			3


			Group data for jobs that have similar exposure levels and similar rates of decline, and fit the data without stratification by job.














Option 1  





In Option 1, fit each job independently.





Figure 1 shows the IH data and the best fit models assuming independent b terms.





As seen, some jobs have a rather limited data set, especially in early years.  This can lead to rather dramatic upsweeps of the fitted curves.  In some cases, the fits do not seem to pass a common sense test.  Best example of this problem = Cleanup (also Blender).





Figure 2 shows best fit parameters and 95% confidence intervals for this approach.


NOTE:  upper panel is shown on log scale graph due to very large differences in the value of the a parameter between jobs. 





Option 2





In Option 2, select jobs with similar b terms and fit them simultaneously to yield a common b term for the group (each job will have independent a terms).





[bookmark: _GoBack]There are several different strategies for grouping by job. 





Strategy a)   Group jobs by location (indoor vs outdoor).  This is based mainly on an expectation that rate of decline should be similar for all jobs in the same general location.





Results:	Figure 3 (graphs of observed vs predicted)


Figure 4 (parameter values and CI)


		Figure 5 (compare independent b vs common b, fixed scale graphs)


		Figure 6 (compare TWA values for common b vs independent b)


Strategy b).  Use statistics from independent b fitting (shown in Figure 2) to select groups with similar b values.





What indoor jobs have similar b values?  Which should be grouped?





Option 3





Combine jobs that are similar in both a and be terms, and fit the combined data without regard for job.





See Figure 2 (both top and bottom panels)..





What jobs have similar a and b values?








RECOMMENDATION OF UC AND R8:  





For trionizing, use Option 2a (weighted simultaneous fitting, with common b for indoor jobs, and a second common b for outdoor jobs).  





For background, use Option 3 (combine all non-trionizing data and fit as a stand-alone data set with independent a and b terms).







FIGURE 1.  TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB
Variance-weighted fitting with independent b terms
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		Independent b graphs
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FIGURE 2.  PARAMETER ESTIMATES AND 95% CI
INDEPENDENT b TERMS
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FIGURE 3.  TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB
Variance-weighted fitting with common b terms for indoor and outdoor jobs
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FIGURE 4.  PARAMETER ESTIMATES AND 95% CI
COMMON b TERMS FOR 7 INDOOR JOBS AND 2 OUTDOOR JOBS
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FIGURE 5.  TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB
Compare independent and common b approaches (same scale for all graphs)
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FIGURE 6.  COMPARE TWA EXPOSURE CONCENTTRATION FOR TRIONIZING
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Objective



Model the IH data for the trionizing department to predict arithmetic mean exposure level as a function of time.  This is needed to generate the JEM.



Conceptual model:



· Average exposure levels are not equal between different jobs in the trionizing department.

· Average concentrations for each job tend to decrease over time.



Thus, the average exposure level for workers in the trionizing department for any given time period is the time-weighted average of the job-specific average values for that time period.



List of Trionizing Jobs

		Job

		Time weighting factor



		Blender

		0.111



		Cleanup

		0.111



		Dryer

		0.222



		Expander

		0.111



		Feeder

		0.111



		Mill

		0.111



		Resin

		0.111



		Track Other

		0.083



		Track Unload

		0.028







Assumed Model



C(t) = a*exp(-b*t)

where:

a and b are fitting parameters

t = (date of sampling – 1/1/1970) / 365.25.   This expresses t as the number of years from 1/1/1970 to the date of sampling



Fitting

Fitting is performed in SAS using minimization of variance-weighted square errors.  Variance is modeled as a function of the mean:



	Variance(t) = C(t)2Ɵ








Fitting Options:



		Option

		Strategy



		1

		Fit each job separately (individual a values, individual b values), then time-weight average across jobs



		2

		Fit each job separately (individual a values) but with common b value for jobs with similar rates of decline (similar b terms).  Then, time-weight average across jobs.



		3

		Group data for jobs that have similar exposure levels and similar rates of decline, and fit the data without stratification by job.









Option 1  



In Option 1, fit each job independently.



Figure 1 shows the IH data and the best fit models assuming independent b terms.



As seen, some jobs have a rather limited data set, especially in early years.  This can lead to rather dramatic upsweeps of the fitted curves.  In some cases, the fits do not seem to pass a common sense test.  Best example of this problem = Cleanup (also Blender).



Figure 2 shows best fit parameters and 95% confidence intervals for this approach.

NOTE:  upper panel is shown on log scale graph due to very large differences in the value of the a parameter between jobs. 



Option 2



In Option 2, select jobs with similar b terms and fit them simultaneously to yield a common b term for the group (each job will have independent a terms).



[bookmark: _GoBack]There are several different strategies for grouping by job. 



Strategy a)   Group jobs by location (indoor vs outdoor).  This is based mainly on an expectation that rate of decline should be similar for all jobs in the same general location.



Results:	Figure 3 (graphs of observed vs predicted)

Figure 4 (parameter values and CI)

		Figure 5 (compare independent b vs common b, fixed scale graphs)

		Figure 6 (compare TWA values for common b vs independent b)

Strategy b).  Use statistics from independent b fitting (shown in Figure 2) to select groups with similar b values.



What indoor jobs have similar b values?  Which should be grouped?



Option 3



Combine jobs that are similar in both a and be terms, and fit the combined data without regard for job.



See Figure 2 (both top and bottom panels)..



What jobs have similar a and b values?





RECOMMENDATION OF UC AND R8:  



For trionizing, use Option 2a (weighted simultaneous fitting, with common b for indoor jobs, and a second common b for outdoor jobs).  



For background, use Option 3 (combine all non-trionizing data and fit as a stand-alone data set with independent a and b terms).


